It is well known that a decrease in the thickness of the ozone layer may lead to higher exposure to ultraviolet radiation [especially ultraviolet-B (280-315 nm) radiation]. UV-B radiation induces the appearance of skin-associated diseases such as erythema (1) , photoaging (2, 3) , tumors (4) , and eye-associated diseases such as keratitis (5, 6) and cataracts (7, 8) . In the case of nonmelanoma skin cancers (NSMC), it is calculated that (9-11) that a decrease of the ozone layer by 1% could lead to an increase of NMSC by 2.3%. It is also plausible that decreases of the ozone layer could lead to increases of cataracts of the eye (12, 13) .
In addition, the effects of UV-B exposure on the immune system have been studied for some time. In 1974, Kripke (14) stated that UV-B radiation could induce tolerance against antigenic UV-Binduced tumors of the skin. It was already demonstrated that immunosuppression, such as in patients with organ transplants who had certain forms of immunosuppression therapy, could increase the incidence of NMSC. Later, experiments with mice showed that UV-B exposure impaired the skin immune response, not only locally but also systemically; suppression was found in places not exposed to UV-B (15) (16) (17) (18) . Immune responses in other parts of the body are also affected by UV-B exposure (19) (20) (21) ; however, these effects on nonskin-associated immune responses are very diverse and often contradictory.
UV-B can suppress the immunological resistance to skin infections such as Leishmania and Candida albicans (22, 23) in mice. Moreover, it has been reported that UV-B exposure leads to the induction of systemic suppression of resistance against non-skin-associated infections in mice, such as Mycobacterium bovis (24) . Infectious diseases are a much greater problem in tropical and subtropical areas than at higher latitudes. However, it is not justified to single out UV-B exposure from a list of possible causes (e.g., temperature, humidity, environmental conditions) when areas like Australia and the southern United States are considered, where infectious diseases are no great problem, in spite of comparatively high UV-B irradiance. Nevertheless, UV-B exposure can impair the activity of memory T-cells, which could lead to problems with the effectiveness of vaccinations, which, especially in poor countries, is the main way of controlling infectious diseases.
In immunotoxicology, host-resistance models in the rat are used to analyze the immunotoxic or -suppressive effects of Table 1 ). The Kromayer lamp was chosen because the size and the location (e.g., the neck or the flank) of the skin exposed to UV-B is exactly known, which is important for the quantative relation between UV-B exposure and the immunosuppressive effect. In addition, the spectrum of the Kromayer is more comparable to the spectrum of the sun compared to the spectrum of the FS40 lamp. In addition, this lamp is used in experiments with human volunteers, so data from rat and mice experiments may be compared to human experiments. Finally, it is easy to add several cutoff filters to the Kromayer lamp to obtain a wavelength action spectrum of the effect studied. The spectrum of the Kromayer lamp is shown in Figure 1 . The spectrum, as determined with the Optronics OL-752-O-PMT, reveals that of this total UV irradiation, 3% is UV-C (250-280 nm), 45% is UV-B (280-315 nm), and 52% is UV-A (315-400 nm). The action spectrum for UV-induced suppression of contact hypersensitivity (25) indicates that UV-B and UV-C are potent immunosuppressive forms of radiation. The differences ly shaved and handled as the UV-exposed rats (group 7), except for the actual irradiation (sham irradiation). Rats were infected according a procedure described elsewhere (26) . Briefly, rats were orally dosed with 1000 T. spiralis larvae in 0.5 ml phosphate-buffered saline (PBS). Rats were euthanized by CO2 asphyxiation, skinned, and eviscerated.
The carcasses were cut into 0.5-cm3 pieces.
We mixed 100 g of this tissue in a bottle with 11 of water. We then added 10 ml of HCl, 36% (Merck, Germany), and 7.5 g of pepsin (RIVM, Bilthoven, The Netherlands). This bottle was continuously stirred for 2 hr at 370C. The suspension was divided into two portions and after 15 min the larvae were precipitated on the bottom. To remove bones and hair the larvae were filtered and washed in PBS.
We determined larvae according to procedures described elsewhere (26) . Briefly, the larvae were stirred in a solution of 400 ml PBS for 5 min. Using a micropipet, we placed 10 0.05-ml drops on a petri dish. The total amount of larvae in these drops was counted with a microscope (40x). This procedure was performed in duplicate, and used to determine the number of larvae/milliliter. Finally, the total number of larvae in the carcass was determined using the following formula: larvae/carcass = (mean larvae in 50 pl x 8000)
At the day of the infection (day 0), and on days 14, 28 , and 42, blood was collected from rats and analyzed for Trichinellaspecific antibodies (IgG, IgM, and IgE). Cultures dishes (Greiner, Germany) were coated with T. spiralis antigen and the plates were incubated with the serum of the rats. After washing, we -incubated the dishes with specific monoclonal mouse anti-rat IgM, IgG, and IgE (Sanbio BV Uden, the Netherlands), using peroxidaseconjugated affinity-purified rat anti-mouse IgG as a conjugate (Jackson Immunoresearch Laboratories, West Grove, Pennsylvania). Substrate was added, and in combination with H2SO4 the extinction was determined at 450 nm.
We analyzed data for significant differences using one-way analysis of variance (ANOVA). All calculations were performed with the statistical software package Minitab (Minitab Inc., State College, Pennsylvania). Figure 2 shows the larvae count in carcasses of infected rats after UV-B exposure.
The average count was 1 x 105 larvae/carcass, which is in the normal range at 42 days after infection with 1000 T. spiralis larvae. It is clear that UV-B exposure at days 6-10 increases the amount of larvae in carcasses significantly (p<0.05). The Trichinella antibody titers (especially IgE), determined 42 days after infection (Fig. 3) , were elevated in groups 3, 4, and 5; however, these differences were not statistically significant. In contrast, a decrease in IgE titers was seen in groups 6 and 7, and the decrease in group 7 was statistically significant (p<0.05). Decreased resistance caused by UV-B has been extensively described for skinassociated infections (22, 23) . The decreased resistance to the T. spiralis is an example of UV-B-induced impairment of the resistance to a systemic non-skin-associated infection and is in concordance with experiments with Mycobacterium bovis (24) .
The timing of the UV-B exposure determines the severity of the inhibition of the resistance to this parasite. After ingestion of infected meat, larvae excyst in the acid pepsin environment of the stomach, enter the small intestine, and become sexually mature within 1-3 days. After copulation, the adult females penetrate the intestinal mucosa where they produce viviparous larvae. The newborn larvae migrate to host striated muscle via the lymphatics and blood vessels over the next 1-3 weeks and are encapsulated by host-derived fibrin. In rats, immunological specific inflammation of the bowel, which mediates expulsion of the worms from the gut, becomes evident at about 6 days after primary infection in rats. This response is characterized by the accumulation of intestinal mast cells, eosinophilic and polymorphonuclear granulocytes, lymphocytes, and plasma cells and by goblet cell hyperplasia and reduction of the villus:crypt ratio. The cellular response that causes expulsion of the adult worms from the gut is strictly T-cell dependent and is virtually absent in congenitally athymic mice or rats (26,24. In our experiments, UV-B radiation caused the most pronounced impairment of resistance when rats were UV-B irradiated at a stage of infection in which cellular immunity starts to develop. This is in agreement with data in the literature on the immunosuppressive effects of UV-B radiation that indicate that UV-B radiation affects predominantly cellular immune responses (28, 29) . Cellular immune responses are regulated by two different subsets of T-helper (Th) cells: Thl cells (which produce cytokines, such as interferon-'y and interleukin-2) and Th2 cells (which produce cytokines, such as interleukin-4 and 5). UV-B irradiation especially seems to affect Thl-regulated responses (30, 31) .
Analysis of specific immunoglobulin titers indicated that the decreased resistance to the T. spiralis was not associated with decreased levels of specific immunoglobulins. In contrast, the amount of antibodies specific for T. spiralis, and especially IgE, seems to be increased after UV-B irradiation in animals showing reduced resistance to T spiralis after UV-B exposure. In other studies, where decreased resistance to T. spiralis was encountered as result of immunosuppression, such antibodies were generally suppressed. For instance, in a study in which mother rats were exposed to the antiviral drug acyclovir, which causes thymic atrophy in the pups that persists in adulthood, 6-weekold-pups were infected with T spiralis, and a significantly increased number of larvae was found in the pups whose mothers were exposed to acyclovir (32) . In addition, IgG and IgM responses to T spiralis were suppressed in the pups from treated dams (32) . Bis(tri-n-butyltin)oxide (TBTO), which causes immunosuppression (33) (thymus atrophy, lymphocyte depletion of lymph nodes and spleen, suppressed delayed-type hypersensitivity to ovalbumin and tuberculin, decreased mitogen responsiveness, especially to T-cell mitogens), was also used in T spiralis studies. Resistance to T spiralis was significantly suppressed as shown by retarded expulsion of adult worms from the small intestine, increased counts of muscle larvae (2.5 times higher than in controls) (33) , and suppressed IgE titers (34) . The use of these immunosuppressants causes an increased amount of muscle larvae in combination with suppressed IgE, in contrast with the UV-B experiments. Because IgE synthesis is Tcell dependent, and more precisely Th2 dependent, our data indicate that immunosuppression caused by UV-B exposure between days 6 and 10 after infection does not affect Th2-mediated responses that are required for IgE synthesis (35) . Moreover, in experiments in which UV-B-treated mice were exposed to Leishmania (22) , impaired delayed-type hypersensitivity to this parasite was observed. Delayed-type hypersensitivity responses are Thl-mediated (35) . In addition, in the Leishmania model, UV-B failed to affect antibody production. More recent data suggest that the Thl subset is important for resistance to parasites like Leishmania and T spiralis (36) . It has been described that UV-B radiation interacts with keratinocytes in the skin, resulting in release of several cytokines, such as interleukin-10 (37). Interleukin-10 impairs Thl-mediated immune responses but not Th2-mediated responses (35) . Thus, we suggest that UV-B irradiation affects Thlregulated immune responses, which results in a decreased resistance to T. spiralis worms, but does not affect the amount of T. spiralis specific antibodies, which is Th2-mediated. It is noteworthy that although exposure to UV-B between days 16 and 25 after infection does not influence larvae yields, IgE titers in these animals are decreased, which is significant in rats exposed to UV-B 21-25 days after infection.
Results on the induction of immunosuppression by UV-B exposure using the Kromayer lamp are rare. However, in mice it was possible to induce impairment of the delayed-type hypersensitivity reaction to picrylchloride using the Kromayer lamp (38) .
In conclusion, UV-B radiation can influence resistance against nonskin-associated infectious diseases. Inhibition of Tcell mediated immune responses may play a pivotal role in the decreased resistance measured with this host-resistance model. Because a low dose of UV-B irradiation (suberythemal) was able to induce this kind of effect, these data may be relevant for the human situation. Additional studies must be done in rats to analyze whether increases of UV-B exposure comparable to those caused by decreases of the ozone layer have immunosuppressive activity and increase the severity of parasitic infection. In the future, these data, combined with data from noninvasive studies that determine the immunosuppressive activity of UV-B exposure in human population, could form a basis for risk estimation.
